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COMPUTER A I D E D  MANUFACTURE: 
SOME INTRODUCTORY REMARKS 
J. H a t v a n y  
O c t o b e r  1 9 7 4  
R e s e a r c h  M e m o r a n d a  are i n f o r m a l  p u b l i c a t i o n s  
r e l a t i n g  t o  ongoing o r  projected areas of re- 
s e a r c h  a t  I I A S A .  T h e  v i e w s  expressed are 
t h o s e  of  t h e  a u t h o r ,  a n d  do n o t  n e c e s s a r i l y  
r e f l e c t  t h o s e  of I I A S A .  

Computer Aided Manufacture: 
Some Introductory Remarks * 
J. Hatvany ** 
I. A New Era 
It is my contention that we are entering on a new era 
where a major portion of the corporate skills that determine 
the technological level of a nation, an industry or a company, 
can be transferred on reels of magnetic tape and in the 
equipment to process them. 
At the time of the Industrial Revolution the predominant 
feature of merit was the personal skill of the engineers and 
craftsmen of the industry, based partly on a country's general 
educational level, partly on tradition accumulated over a 
number of generations. At this stage the mechanical engineering 
industry of a particular country could earn a reputation for 
the excellence of its products (e-g. Britain and Germany), 
but skilled itinerant artisans of other countries could also 
acquire their know-how, and brilliant engineers in the more 
backward countries could produce "islands of excellence" even 
amid relatively poor industrial environments. (The Hungarian 
Banki was able to invent the carburetor in 1893 and Hungarian 
automobiles made in 1905 were fully competitive with the 
products of contemporary foreign workshops). The difference 
lay in the numbers of these highly skilled people, the number 
of trades in which they were active, the receptiveness of the 
country's economic environment to their efforts. 
During the course of the twentieth century the feature of 
merit became the scale of production, in particular the 
introd.uction of mass-production techniques into a country's 
engineering industry. The mechanised assembly-line, the 
conveyor belt, the practice of the new discipline of production 
engineering standardisation, and the division of labour were 
the main characteristics of advance in this period. Since 
these required substantial capital investments and large 
markets, they were no longer transferable to small enclaves 
of skill in the less advanced countries. With the concentration 
of productive resources also came a concentration of 
technological and organizational know-how which increasingly 
became proprietary secrets. It was no longer possible for 
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journeymen and e n g i n e e r s  t o  impor t  t h e  s k i l l  of  more 
advanced n a t i o n s  a s  t h e y  had p r e v i o u s l y  done .  A seemingly  
u n b r i d g e a b l e  t e c h n o l o g i c a l  g a p  deve loped .  
I n  t h e  second  h a l f  o f  t h i s  c e n t u r y  mass-produc t ion  h a s  
become i n c r e a s i n g l y  s e p a r a b l e  f rom t h e  advanced t e c h n o l o g i c a l  
and s c i e n t i f i c  s p e c i a l i z a t i o n s  which i t  b r o u g h t  i n t o  b e i n g .  
I n  many p a r t s  o f  t h e  wor ld  t h e  a s s e m b l y - l i n e  f a c i l i t i e s  
which were  f o r m e r l y  t h e  p r i d e  o f  a n  i n d u s t r y  have  been  r e l o c a t e d  
t o  e conomica l l y  backward a r e a s  and t h e  advanced i n d u s t r i a l  
n a t i o n  h a s  r e t a i n e d  t h e  s k i l l s  of  r e s e a r c h ,  deve lopment ,  and 
t h e  e x t r e m e l y  l u c r a t i v e ,  expanding  marke t  o f  h i g h l y  s p e c i a l i z e d  
one-off  and s m a l l - b a t c h  p r o d u c t i o n  i n  t h e  p r o d u c t i o n  of  t h e  
complex t o o l s  r e q u i r e d  f o r  t h e  mass -manufac tur ing  i n d u s t r i e s .  
The new f e a t u r e  of  m e r i t  i s  t h u s  once  a g a i n  t h a t  of  s k i l l :  
s k i l l  i n  t h e  s c i e n t i f i c ,  t e c h n i c a l  and marke t  r e s e a r c h  l e a d i n g  
t o  new p r o d u c t s ,  i n  t h e  deve lopment  of  new manufac tu r i ng  
t e c h n o l o g i e s ,  i n  t h e  o r g a n i z a t i o n  of  p r o d u c t i o n ,  i n  t h e  
p r o d u c t i o n  of  t h e  complex t o o l s  r c q u i r e d  f o r  t h e  manu fac tu r e  
of  t h e  new p r o d u c t s .  These  s k i l l s  a r e  i n c o r p o r a t e d  i n  
a  comp le t e  new " i n d u s t r y , "  w i t h  i t s  own new t e c h n o l o g y ,  t o o l s ,  
and o r g a n i z a t i o n ,  compr i s i ng  t h e  computer ,  advanced l a b o r a t o r y  
r e s o u r c e s ,  and t h e  i n c r e a s i n g  au toma t ion  of t h e  p h a s e s  o f  
r e s e a r c h ,  d e s i g n ,  a n a l y s i s ,  and p l a n n i n g .  The t e c h n o l o g i c a l  
g a p  i s  c o n s e q u e n t l y  widening  s t i l l  f u r t h e r .  
How can  t h i s  t r e n d  b e  r e v e r s e d ?  How can  t h e  less advanced 
n a t i o n s  of  t h e  wor ld  e s c a p e  t h e  f a t e  o f  permanent  t e c h n i c a l  
( and  c o n s e q u e n t l y  economic)  s u b s e r v i e n c e  t o  t h e  b i g g e r  and  
more advanced ones?  The o n l y  way t h i s  c an  be  done  i s  
a c c e l e r a t e  the i n t e r n a t i o n a l  t r a n s f e r  of t e chno logy .  The 
l a t s s t  a ch i evemen t s  i n  t h e  deve lopment  of i n t e g r a t e d  manufac t -  
u r i n g  sy s t ems  now i n d i c a t e  t h a t  t h i s  i s  a  d i s t i n c t  p o s s i b i l i t y ,  
which would b e n e f i t  n o t  o n l y  t h e  r e c e i v i n g  c o u n t r i e s ,  b u t  
t h rough  t h e  consequen t  e l i m i n a t i o n  of  a  v a s t  amount of  
d u p l i c a t e d  e f f o r t ,  a l s o  ( t o  a t  l e a s t  t h e  same e x t e n t )  t h e  
" d o n o r s .  " 
11. I n t e g r a t e d  Systems f o r  P r o c e s s i n g  M a t e r i a l s  and DatJ.  
The new f e a t u r e  t h a t  d i s t i n g u i s h e s  t h e  i n t e g r a t e d  sy s t ems  
now emerging i n  t h e  e n g i n e e r i n g  i n d u s t r y  i s  t h e  a u t o m a t i c  
p r o c e s s i n g  of m a t e r i a l s  i n t o  p r o d u c t s  (mach in ing ,  a s s emb ly ,  
e t c . )  i n t e rwoven  w i t h  t h e  a u t o m a t i c  p r o c e s s i n g  o f  t h e  d a t a  
( s t o c k s ,  c o s t s ,  s c h e d u l i n g ,  e t c . )  p e r t a i n i n g  t o  them. The 
s e p a r a t e l y  d e v e l o p i n g  d i s c i p l i n e s  o f :  
- Computer-Aided Des ign ,  
- Computer -Cont ro l led  P r o d u c t i o n ,  and 
- Management and 3 u s i n e s s  Systems 
a r e  c o a l e s c i n g  i n t o  s i n g l e ,  c o m p u t e r - b a s e d  m a n u f a c t u r i n g  
s y s t e m s .  
Computer-Aided D e s i g n  h a s  e v o l v e d  i n  a l l  f o u r  m a i n  a r e a s  
o f  t h e  d e s i g n  f i e l d :  
1) c o n c e p t u a l  d e s i g n ,  where  m a s s  d a t a  s t o r a g e ,  f i l e  
h a n d l i n g ,  and  r e t r i e v a l  t e c h n i q u e s  h a v e  b e e n  d e v e l o p e d  
t o  a i d  t h e  d e s i g n e r  and  m a r k e t  a n a l y s i s  and  p r e d i c t i o n  
programmes made a v a i l a b l e  t o  h i m ;  
2 )  d e s i g n  a n a l y s i s ,  w h e r e  programmes h 2 v e  b e e n  e v o l v e d  
f o r  a  v e r y  l a r g e  number o f  m e c h a n i c a l  c o n s t r u c t s ,  
r a n g i n g  f r o m  g e a r  t r a i n s  t o  l i n k a g e s ,  f r o m  f i n i t e -  
e l e m e n t  stress a n a l y s i s  t e c h n i q u e s  t o  f u l l  dynamic  
s i m u l a t i o n s ;  
3 )  d e t a i l  d e s i g n ,  w h e r e  a i d s  h a v e  b e e n  d e v e l o p e d  f o r  
a u t o m a t i c  d i g i t i z i n g ,  d r a f t i n g ,  l o f t i n g ,  p l o t t i n g ,  
a n d  t h e  mass  s t o r a g e ,  r e t r i e v a l ,  h a n d l i n g ,  u p d a t i n g ,  
and  o u t p u t  o f  d e t a i l  d r a w i n g s ;  a n d  
4 )  d e s i g n  c o m m u n i c a t i o n ,  w h i c h  h a s  b e e n  h e l p e d  by s o f t -  
w a r e  a n d  h a r d w a r e  a i d s  t o  a u t o m a t i c  d o c u m e n t a t i o n ,  
p a r t s  l i s t i n g ,  c a b l e  l i s t i n g ,  e t c .  
The Compnte r -Aided  D e s i g n  (CAD) f i e l d  h a s  b e e n  g r e a t l y  h e l p e d  
by t h e  i n t r o d u c t i o n  o f  s u c h  h i g h l y  f l e x i b l e  d e v i c e s  a s  t h e  
i n t e r a c t i v e  g r a p h i c  d i s p l a y  t e r m i n a l .  The  h i t h e r t o  d i s t i n c t  
p h a s e s  o f  C o n c e p t ,  A n a l y s i s ,  D e t a i l i n g ,  a n d  Communica t ion  h a v e  
b e e n  i n t r i n s i c a l l y  i n t e r l i n k e d  i n  a n  i n c r e a s i n g  number o f  
s y s t e m s  w i t h  t h e  a i m  o f  h a v i n g  d a t a  t r a n s f e r r e d  f r o m  o n e  p h a s e  
t o  t h e  n e x t  t h r o u g h  a  common, s t r u c t u r e d  d a t a  b a s e .  
C o m p u t e r - C o n t r o l l e d  P r o d u c t i o n  h a s  a l s o  d e v e l o p e d  f r o m  a  
number  o f  s e p a r a t e  a n t e c e d e n t s :  
a )  Compute r  programming l a n g u a g e s  f o r  n u m e r i c a l l y  
c o n t r o l l e d  (NC) m a c h i n e  t o o l s  h a v e  b e e n  w r i t t e n  
b y  t h e  d o z e n  ( c l o s e  t o  1 0 0  a r e  i n  i n d u s t r i a l  u s e )  
f o r  v a r i o u s  t y p e s  o f  c o m p u t e r s ,  c o n t r o l  u n i t s ,  and  
m a c h i n e  t o o l s  ; 
b )  Programmes t o  compute  m a c h i n i n g  t e c h n o l o g y - - s o m e  u s i n g  
l a r g e  m a c h i n e a b i l i t y  d a t a  b a s e s - - h a v e  b e e n  e v o l v e d ;  
C )  A l a r g e  v a r i e t y  o f  c o n t r o l  s c h e m e s  f o r  t h e  d i r e c t  
c o m p u t e r  c o n t r o l  o f  g r o u p s  o f  n u m e r i c a l l y  c o n t r o l l e d  
m a c h i n e  t o o l s  (DNC) h a s  b e e n  d e v e l o p e d ;  
d )  C o m p l e t e  m a c h i n i n g  s y s t e m s  i n c l u d i n g  t h e  c o m p u t e r  
c o n t r o l l e d  t r a n s f e r  f o r  w o r k p i e c e s  and  t o o l s ,  t h e  
a u t o m a t i c  m e a s u r e m e n t  o f  d i m e n s i o n s  a r e  now a v a i l a b l e ;  
and 
e)  An i n c r e a s i n g  number o f  f l e x i b l e  a u t o m a t i c  a s s e m b l y  
s y s t e m s ,  some i n v o l v i n g  p a t t e r n  r e c o g n i t i o n  and r o b o t  
t e c h n i q u e s ,  a r e  b e i n g  b u i l t  which  c a n  b e  o p e r a t e d  u n d e r  
compute r  c o n t r o l .  
The i n t e g r a t i o n  o f  NC programming,  D N C ,  and  c o m p l e t e  m a c h i n i n g  
s y s t e m s  ( p o s s i b l y  a l s o  c o m p r i s i n g  a s s e m b l y )  h a s  become 
a t a s k  whose r e a l i z a t i o n  i s  b e i n g  a t t e m p t e d  i n  a n  i n c r e a s i n g  
number o f  c o u n t r i e s .  
P r o d u c t i o n  c o n t r o l ,  s c h e d u l i n g ,  management i n f o r m a t i o n ,  
s t o c k  c o n t r o l ,  o r d e r  r e g i s t r a t i o n ,  p u r c h a s i n g ,  i n v o i c i n g ,  and  
s i m i l a r  programmes and programme-packages h a v e  been  i n t r o d u c e d  i n t o  
i n d u s t r i a l  p r a c t i c e  i n  l a r g e  numbers .  T h e r e  i s  a  n o t a b l e  t e n d e n c y  
t o  amalgamate  them i n t o  i n t e g r a t e d  management s y s t e m s .  
From e v e n  t h i s  v e r y  c u r s o r y  l i s t i n g  t h e  t r e n d  t o w a r d s  t h e  
d e v e l o p m e n t  o f  l a r g e ,  s e l f - c o n s i s t e n t  s u b s y s t e m s  w i l l  b e  
a p p a r e n t  and  t h e  p o r t e n t  o f  t h e i r  e v e n t u a l  f u r t h e r  i n t e g r a t i o n  
i n t o  t o t a l  m a n u f a c t u r i n g  s y s t e m s  r e a l i z e d .  I n  s u c h  a  s y s t e m ,  t h e  
C A D ,  NC programming,  DNC, and management components  w i l l  a l l  
b e  p a r t  o f  a s i n g l e ,  homogeneous s y s t e m ,  w i t h  i n t e r n a l  
communica t ion  be tween  a l l  s y s t e m  modules .  
E a r l y  i n  t h e  deve lopment  o f  t h e  i d e a  o f  l a r g e ,  s e l f -  
c o n s i s t e n t  s u b s y s t e m s ,  t h e  i n t e g r a t i o n  o f  t h e  s e p a r a t e  sub-  
s y s t e m s  was c o n s i d e r e d  a  t r i v i a l  t a s k .  W e  c a n  a l l  recal l  t h e  
" a r t i s t ' s  i m p r e s s i o n "  t y p e  o f  d r a w i n g s ,  t e n  y e a r s  a g o ,  i n  which  
t h e  component p a r t s  were  s i m p l y  drawn b e s i d e  e a c h  o t h e r  o n  t h e  
s h o p  f l o o r  and c o n n e c t e d  by t h i c k  c a b l e s .  Nex t  came t h e  
a t t e m p t s  a t  d r a w i n g  up  h i g h l y  m e t h o d i c a l ,  o v e r a l l  svstems 
a p p r o a c h e s .  They h e l p e d  a  good d e a l  t o w a r d s  c l a r i f y i n g  i d e a s ,  
b u t  t h e y  were  t o o  g r a n d i o s e  t o  implement .  Now t h e s e  a t t e m p t s  
have  been  s u c c e e d e d  by t h e  p i e c e m e a l ,  p r a g m a t i c  method where  
o n e  au tonomous ly  v i a b l e  and i n t r i n s i c a l l y  u s e f u l  s u b s y s t e m  
a f t e r  a n o t h e r  i s  l i n k e d  t o  a  g r a d u a l l y  e v o l v i n g  c e n t r a l  hub.  
T h i s  s t r a t e g y  is b r i n g i n g  s w i f t  r e s u l t s .  The i n t e g r a t e d  
m a n u f a c t u r i n g  s y s t e m  i s  h e r e  w i t h  u s ,  and t h e  t r a n s f e r  and 
u p d a t i n g  o f  s u c h  a  s y s t e m  i s  becoming t h e  e q u i v a l e n t  o f  
t r a n s f e r r i n g  a  l a r g e ,  pe rmanen t  s t a f f  and l i b r a r y ,  t h e  
a c c u m u l a t e d  c o r p o r a t e  s k i l l  o f  many t e n s  o f  y e a r s .  
111. Some C o n t r o v e r s i a l  Advice  
1 would l i k e  t o  s e i z e  t h e  o c c a s i o n  o f  t h i s  o p e n i n g  add-  
ress t o  o f f e r  some ( u n s o l i c i t e d )  a d v i c e :  
1) Do n o t  r e i n v e n t  t h e  whee l !  
Dur ing  t h e  on-go ing  wor ld -wide  s u r v e y s  i n t o  v a r i o u s  a s p e c t s  
o f  I n t e g r a t e d  I n d u s t r i a l  S y s t e m s ,  b e i n g  c o n d u c t e d  by t h e  
International Institute for Applied Systems Analysis, one of 
the most striking of our experiences has been the amount of 
high-level effort going into the duplication of other people's 
results. 
2) Develop stepwise! 
It has been our universal finding that systems which were too 
grandiose in concept and could only stand or fall together, in 
fact fell. Economic, psychological, and technical factors all 
indicate the importance of linking industry-tried and tested 
modules one by one, instead of all at the same time. 
3) Accept suboptimal solutions. 
This is, of course, a corollary of 1) and 2). No piecemeal 
system, assembled from building stones created by other people 
for other conditions, will ever yield an optimal solution 
outside its original context. But it will yield a working 
solution within reasonable time and at reasonable costs. 
In summary, our slogans should be: 
- Standardize, 
- Buy and sell know-how, 
- Cooperate, and 
- Down with the NIH* complex! 
Not Invented Here. 
